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Facilitating Low-Carbon Investments -Lessons from Natural Gas Anne Neumann and Karsten Neuhoff
Introduction
Decarbonisation of energy and transport infrastructure requires significant private sector investments.
The natural gas industry has demonstrated such large scale private sector infrastructure investment over the last decades and offers some analogies for investments in low-carbon assets in response to climate policy frameworks. In both sectors assets are capital intensive, often with long pay-back periods, and governments retain a strong interest in the development of the sector -for energy security reasons as much as for climate policy objectives. This analogy motivates our exploration of what potential lessons from the natural gas experience can be drawn for the development of a new carbon market that supports low-carbon investments.
The natural gas industry has developed in a regulated environment with government supporting and strictly regulating national (often still monopolistic) firms to produce, transmit, and distribute natural gas. The bedrock of the industry are long-term contracts concluded by producers and buyers. During the last two decades a more market based approach has emerged, with commercial trading and investments by private companies. In this new, market-driven approach, significant additional volumes of infrastructure investments have come forward. Long-term contractual arrangements remain however a consistent feature across these investments. Are therefore institutional frameworks necessary that also facilitate long-term contracting for investments in low-carbon infrastructure -or do factors idiosyncratic to natural gas explain the prevalence of long-term contracts in natural gas infrastructure investment?
We identify four reasons for the use of long-term contracting arrangements in natural gas: Asset specificity of investments to one trading partner, search costs for identifying and negotiating a buyer/seller, foreclosure of markets, and securing revenue to finance investments. Ten to thirty years (EU vs. US) after restructuring, the natural gas market offers an opportunity to assess the development of contracting arrangements within a liberalised market. The transformation of the natural gas industry and regulatory structure has gradually reduced the rational for three of these reasons, suggesting that securing of revenue streams to finance investments has become the main motivation for the use of long-term contracts. This rational is not idiosyncratic to the natural gas industry, and thus suggests that long-term contracting can also play a significant role in facilitating low-carbon infrastructure investment. This raises the second question: What regulatory and market frameworks are conducive to long-term contracts? Again we explore the experience in the natural gas industry and find that in many instances governments have been playing a significant role in facilitating contractual arrangements, e.g. by sharing some of the counter-party risk inherent in long-term contracts in addition to contributing to stable regulatory frameworks to facilitate investments.
The paper is structured the following way. We first describe the development of the natural gas industry followed by a characterisation of the evolution and structure of long-term contracts. This allows for discussion of the reasons for the use of long-term contracting so as to understand their role in facilitating investments. Finally, recent experience in restructured natural gas markets and the relation to the regulatory framework providing incentives for private actors to invest are highlighted.
Development and financing of international natural gas infrastructure
In North America, naturally occurring gas was discovered as early as 1626 by French explorers around Lake Erie. Manufactured natural gas, as opposed to naturally occurring gas, was first imported to the United States in 1816 and used for street lightning. The mid-1800s saw the development of a nascent domestic industry; the first US well was drilled in 1859 and a two-inch diameter pipeline was built that ran 5½ miles from the well to a village in Pennsylvania. In the 1900s, natural gas could be shipped between municipalities and the first intrastate long-distance pipelines were built. The invention of the Bunsen burner in 1885 opened new opportunities, e.g., safe use of natural gas for cooking and heating.
In 1891, the first lengthy pipeline of 120 miles was constructed between supply in Indiana and Chicago.
Historically, most discovered natural gas was vented into the atmosphere, flared when found alongside coal or oil or simply left in the ground. Following World War II, welding techniques, pipe rolling, etc., allowed for construction of reliable natural gas transmission. The improvements in transportation and discoveries of new uses led to rapid expansion of the sector. The federal Natural Gas Act of 1938 established the first framework for regulating prices. Almost fifty years later, FERC Order 436, which introduced open access to pipelines and limited the use of long-term contracts, enabled the development of a competitive wholesale market.
The situation in Europe evolved differently. Small discoveries of natural gas were made near Hamburg in 1910 but natural gas did not gain importance until the discovery of the Dutch Groningen field in 1959. Deliveries of liquefied natural gas (LNG) from the US arrived in the UK before deliveries from Algeria to the UK began in 1964. The vast reserves in the North Sea, which would provide substantial natural gas to Europe for decades to come, were discovered in 1965. By the end of the decade, West Germany, Italy, France and Belgium were receiving Dutch and North Sea gas. Figure 1 illustrates the European pipelines in 1970. Given the stability of crude oil and oil product prices and the wellestablished role of coal, natural gas remained a specialty fuel that was mostly limited to areas closest to domestic production or import points. Today a mature, interconnected transport network exists, despite political interference in the development of infrastructure from the former Soviet Union to Western Europe. For example, a US embargo on equipment (mainly compressor station technology developed by General Electric) delayed the construction of the West-Siberian pipeline (Hardt and Donna, 1982; Victor et al., 2006) .
Eventually, contracts to supply natural gas to Western Germany were signed and thus the project was ensured via long-term purchase agreements, usually coupled with a guarantee from the Soviet and Western governments to secure financing (Victor, 2008 planning and investment. This points out that the market will provide most of the investment, but there remains a need for coordination.
The structure and development of long-term contractual arrangements
We summarise the main features of long-term contracts. In Europe the natural gas contracts are primarily structured as take or pay contracts. The buyer agrees to pay for a specified volume whether or not it is taken. Usually, there is an option to take more, which introduces some flexibility. The Annual Contracted Quantity (ACQ) is also determined, but allows taking a predefined percentage more or less over the course of a year. The contract will spell out the terms for monthly or daily maximum or minimum quantities; make-up gas (the right to take natural gas later which has been previously paid for); and the right to reduce future delivery if the amount of natural gas taken exceeds contracted volumes in some years (carry forward gas). For smaller fields and in cases where the producer encounters difficulties in forecasting extracted volumes, there may be no such contractual provisions and the quantities will be nominated by the seller.
Long-term contracts also detail what happens when a buyer does not take the entire amount of natural gas required during the course of a year, e.g., the buyer may defer delivery by one or more years. This
ToP clause 6 , also termed the minimum bill, is usually around 85-95%. It is notable that the flexibility observed in European import contracts has been sufficient, such that ToP provisions have rarely been used (EC, 2007) . 7
Three types of pricing of natural gas contracts exist: 1) parity with crude oil prices; 2) market value; or
3) cost-plus pricing. In the early days of natural gas in Europe, mechanisms were needed to ensure that prices over the lifetime of an (infrastructure) project remained broadly in line with market values.
Given the substitutability of oil and natural gas in both the short and long term, pricing natural gas at parity with crude oil became the preferred strategy. After the first price shock in 1973, the principle of netback pricing evolved, by which natural gas was priced at a level equal to the delivered price of the cheapest alternative fuel, adjusted for differences in efficiency or the cost of meeting environmental standards, less the cost of transportation, storage and taxes (IEA, 1998, p. 32 ).
Natural gas produced in different regions will vary in heating values, making it easier to quote the payment for calorific values. The exact pricing for contracted volumes is typically kept confidential, but it is common knowledge that contracted prices are linked to a constant and to energy substitutes.
The main intention is to maintain competitive price levels for the buyer. Typical linkages are to inflation, crude oil, coal and petroleum products (heavy and light fuel oil). Less information is public about additional agreements, such as off-take reductions, seasonal prices or options to take proportions at spot or fixed prices.
An analysis of 500 existing long-term contracts for natural gas in Europe, carried out under the Sector Inquiry by DG Comp (EC, 2007) , finds that the majority of the contract prices are linked to oil and oil derivatives, so that natural gas prices reflect the development of oil markets although with a time lag, typically of six months. The finding illustrates an almost identical indexation pattern for contracts bringing natural gas to Europe from the Netherlands, Norway and Russia: more than 80% of the contracts are coupled to the price of heavy and light fuel oil. This represents more than 60% (275bcm) of European consumption. Algerian export contracts show that the prices are coupled almost 75% to crude oil and 25% to heavy and light fuel oil. Overall, this indicates that European natural gas prices are directly driven by the price of oil and oil products. In the UK, natural gas prices are determined roughly by 37% hub gas prices, or slightly less than 30% inflation and only 20% oil products (Sector Inquiry). Nonetheless, all prices in these European long-term contracts do not react directly to changes in supply and/or demand, and most indices are incorporated using trailing averages. In the North American market, there is no formal linkage of natural gas to oil prices in the contracts.
As mentioned, a seller aims to smooth income from a capital-intensive investment. The lifetime of a large-diameter steel pipeline is 40-60 years, but contract duration in written agreements is generally between 20 and 30 years. We note that some outliers indicate that longer durations are possible. There is also no evidence that the distance from producing to consuming regions has a direct impact on the length of negotiated deliveries.
Uncertainty increases with contract duration and therefore provisions for adaptations are indispensable. Parties adjust to current market conditions, for instance, if fundamentals in oil markets change and the resulting prices either skyrocket or plunge by providing short-term advantages for one party to deal with the specific circumstances in exchange for benefits the other party obtains in the longer-term. Likewise, if demand in a country may not reach the level anticipated by the buyer at the time the contract is written. For these and other reasons, routine renegotiation of prices is often included. 8 Renegotiations rarely go to arbitration but are finalized with agreements that offer benefits for both parties.
Contract duration associated with greenfield projects is on average three years longer than for contracts tied to existing infrastructure (Hirschhausen and Neumann, 2008) . The US experience also shows that private actors (as opposed to state-owned companies) are willing to invest in large pipeline and LNG projects given a stable and reliable regulatory framework that secures revenue.
The developmental phases of the European natural gas industry (Table 1) can be summarized following Adelman et al. (1986) . The use of long-term contracts is characterized by the steady development of national markets based on discoveries in France, Italy, Germany and Austria after World War II, and local monopolies provided natural gas as a speciality fuel to a limited number of buyers. The number of buyers and sellers grew after the discovery of natural gas in the Netherlands and the UK in the 1970s. Oil price indexation in contracts began and sellers negotiated high off-take 8 Bolle (1989) argues that renegotiations take place roughly every third year.
quantities. Until the 1980s, the industry was marked by modest expansion in production and consumption. Even though international trade became a factor, overall markets remained tight and oil prices high. Thus, the efficiency of long-term contracts in terms of providing stable revenues to producers and steady natural gas supply to buyers was not prone to much scrutiny by regulators and policy-makers.
With the availability of additional natural gas from Algeria, Norway and the former Soviet Union in the 1980s, it became clear that consumption would grow rapidly, with oil market shares bound to decline. Optimism about future demand coupled with scepticism about future domestic supply gave rise to contracts that incorporated rigid ToP clauses and high, built-in prices.
During the 1990s, market restructuring in the US and the reform agenda in Europe changed the industry, i.e. an increase in natural gas producers, exploitation of new sites and different types of natural gas. The run-up in global consumption can be attributed to competition in consuming regions and public acceptance of natural gas as cleaner than other fossil fuels and improving relationships with major producing countries like Russia. At the same time, real marketplaces emerged, making natural gas a widely tradable commodity. LNG technology linked regional markets in which market participants benefit from short-term price signals to global supply; this exposed traditional long-term contracts in North America and Europe to immense pressure. The result is that most LNG contracts have added more flexible arrangements in terms of pricing and quantities.
The motivation for long-term contracting
The literature identifies a variety of reasons that motivate the use of long-term contracts to back investment in exploration and transportation of natural gas.
The main argument is based on transaction cost theory (Williamson, 1985) and relates to the protecting asset specific investments. Empirical evidence gathered from more than 300 international long-term contracts for natural gas by Hirschhausen and Neumann (2008) shows significant reductions in contract duration as the global industry moves to market-oriented co-ordination mechanisms.
Maturity of the transportation network lessens the need to back up large-scale, upfront investments using hierarchial contracting forms. Moreover, as shown by Ruester and Neumann (2009) asset specificity in particular in the LNG industry has decreased recently.
Second rational for long-term contracting is the reduction of search costs to identify and negotiate with trading partners for each individual sale of gas (Brito and Hartley, 2007) . With liquid spot markets and non-discriminatory access to the transportation network this has become has become however less cumbersome. Experience from the US and the UK during early deregulation reveals rapid expansion of contracts based on spot or over-the-counter (OTC) markets: by the 1990s, natural gas delivered under long-term contracts in the US reached 50% (IEA, 1998), and empirical evidence for European import contracts suggests a similar development (see Neumann and Hirschhausen, 2004) . At the same time, average US natural gas contracted volumes declined from 1.27 bcm/a to 0.24 bcm/a (IEA, 1998) . 9 New trading places in Europe and the depth of liquidity in the US market for natural gas (5-6 years) are influential as well. Linking the price of natural gas in the "old" contracts directly to trailing averages of oil or petroleum products cannot reveal market realities. In both the US and the UK, spot price indexation to natural gas, electricity or coal prices has partially or fully replaced oil price indexation. In Continental Europe, there are increasing linkages to electricity or spot natural gas prices, although the "old" oil linkage will remain for some time, given the extensive contracts in place.
The availability of natural gas on short notice, as well as natural gas that is not under long-term contracts, promotes competition and the more efficient use of infrastructure. Merchant players, independent utilities and traders can optimize supply portfolios and arbitrage between locations. After opening the market to competition in the US and Europe, several trading places emerged, in which numerous buyers and suppliers contract for short-term delivery. At the same time, LNG export/import provides opportunities to seize price differentials from either side of the Atlantic and to create a global market for natural gas. According to Neumann and Hirschhausen (2004) , Stern (2009) Third, dominant players across many industries are suspected of using long-term contracts to foreclose the market for new entrants. The separation of production, transport and marketing of natural gas has however removed (or at least decreased) the opportunities to foreclose the market using long-term contracts. Furthermore, the dominance of incumbent market participants is weakened albeit existing long-term contracts in place reduces flexibility to some extent.
Finally, long-term contracts can help to secure the revenue streams for new investments and thus facilitate financing. With continued investments being pursued, this argument remains a motivation for the use of long-term contracts where regulatory environments do not provide alternative options to secure revenue for infrastructure investment (e.g. based on a regulatory asset base). Table 2 summarizes the findings. It maps the developments of the natural gas market against the rational that has been quoted for the use of long-term contracts. We furthermore observe that increasing liquidity of markets for forward contracts extending up to 10 years in the US adds to the ability of financing small projects without relying on long-term contracts.
However, we also notice that the stable regulatory framework ensuring revenues for individual projects in the US provides for an alternative to long-term contracting and can facilitates sufficient investments by private companies in large pipelines 11 .
Government support for infrastructure finance
The previous section points to the role of long-term contracts for the investment in natural gas extraction and transmission in the absence of regulatory guarantees. This raises the question whether government is necessary to provide regulatory and market frameworks that are conducive to long-term contracts or to provide additional support? Again we explore the experience in the natural gas industry, so as to assess where adjustments of regulatory frameworks and complementing policy measures might be necessary to facilitate low-carbon investments.
The regulatory environment under which companies operate differs across nations and continents. The experience from the US shows that private investment in significant infrastructure projects is forthcoming. First and foremost, a pipeline in the US refers to a company operating such a facility which is separated from the sales function (FERC Order 636, 1992) . As of today, the Natural Gas Act requires that rates charged for interstate pipeline services (transport) be "just and reasonable" set by cost-of-service ratemaking. Under cost-of-service ratemaking, rates are designed based on a pipeline's cost of providing service including an opportunity for the pipeline to earn a reasonable return on its Long-term contracts retain an important role even after market restructuring, but a stable regulatory frameworks that allow for long-term contracts to finance infrastructure investment (e.g. EU exemption from third party access, US regulatory guaranteed transport rates) also supports investments. Regularly this is supported by backing contracts or other ways to address counter-party risk factors. The experience from the natural gas sector suggests that also for low-carbon investments, governments need to carefully consider how they can facilitate long-term contracting arrangements to support lowcarbon investments, and potentially support the ability and credibility of actors to sign such long-term contracts or use alternative regulatory mechanisms to reduce investment risks.
Conclusion
This paper has provided an overview of the evolution of the natural gas sector in Europe. Historically, the development of capital-intensive infrastructure was backed by long-term ToP contracts and government guarantees. The major features of contracts struck in the "old", because immature and monopolized, world of natural gas were extensive in duration and price linkage to oil and/or petroleum products, and the pricing failed to reflect market conditions or changes in supply and/or demand.
Later, long-term importing contracts became economically viable instruments to hedge counterparty risk against the background of transaction cost economics, and enabled the establishment of natural gas consumption and transportation networks without jeopardizing profits from oil imports. Market restructuring ushered in substantial changes. Natural gas became a commodity traded short-term in numerous locales across the globe. Today, throughout North America and Europe, the existing mature pipeline infrastructure has been paid for, and demand for natural gas is soaring. While there is little risk that development of new infrastructure will not be refinanced, the scenario only holds under a stable regulatory environment which provides reasonable planning horizons for public and private investors.
Some of the structural elements and objectives of market restructuring are shared between natural gas and infrastructure required for decarbonisation of our economies. Both sectors have a capital intensive asset base that is subject to technical network constraints and re-regulation coincides with the urgent need to make investments whilst reducing price risk.
Despite the liquidity in the natural gas market the policy discussion typically focuses not on whether complementing government actions are necessary, but how they can be structured to avoid distorting impacts on other investment choices. This suggests that governments have to be prepared to assess where complementing actions are necessary and whether private actors have sufficient incentives and capabilities to pursue investments, or whether additional policy frameworks are required.
